It i s g e n e r a l l y accepted among users o f modes t i r r e d chambers t h a t VSWR d i f f e r e n c e s between a t e s t sample and a reference measurement antenna can a f f e c t t h e measured s h i e l d i n g effectiveness (SE) o f t h e t e s t sample.
t h e measured s h i e l d i n g effectiveness (SE) o f t h e t e s t sample.
I n t h i s study a connector was t e s t e d i n two f i x t u r e s having d i f f e r e n t VSWR c h a r a c t e r i s t i c s . Two d i f f e r e n t methods were used w i t h each f i x t u r e , one which c o r r e c t s f o r VSWR d i f f e r e n c e s and one which does not. This study compares the r e s u l t s obtained using each method and f i x t u r e i n order t o determine how VSWR d i f ferences a f f e c t connector s h i e l d i n g measurements i n t h e 1-10 GHz ranqe.
I n t r o d u c t i o n The s o e c i f i c a t i o n f o r connector t e s t i n a . MIL-STD-
1344 Method 3008 [ l ] , r e q u i r e s t h a t t h e VSWR ; f t h e conn e c t o r / t e s t f i x t u r e assembly be measured but does not s t a t e how t h e information should be used. Other standards, such as t h e E I A Standard [ 2 ] and some European standards, s p e c i f y a maximum allowable VSWR f o r t h e t e s t f i x t u r e and measurement system. The E I A Standard a l s o has d e t a i l e d information on VSWR and how i t a f f e c t s measurements a t each p o s i t i o n o f t h e mode s t i r r e r . MIL-STD-1344 Method 3008 i s p r e s e n t l y being updated by t h e author o f t h i s paper w i t h t h e i n t e n t o f making i t understandable and usable f o r a l l t e s t l a b s having varying degrees o f equipment s o p h i s t i c a t i o n . It i s important t o determine how VSWR a c t u a l l y a f f e c t s t h e SE measurements o f connectors i n order t o best incorporate c o r r e c t i o n s f o r VSWR i n t o t h e s p e c i f i c a t i o n .
There are two f a c t o r s which c o n t r i b u t e t o t h e VSWR o f an antenna o r connector/test f i x t u r e i n a modes t i r r e d chamber. One i s t h e r e f l e c t e d energy w i t h i n t h e device i t s e l f before i t i s r a d i a t e d i n t o t h e chamber.
The second i s t h e r e f l e c t e d energy from the chamber surfaces back i n t o the antenna o r connector under t e s t (CUT). This second f a c t o r adds t o t h e f i e l d strength i n t h e chamber before r e t u r n i n g t o the antenna o r CUT. These two f a c t o r s became evident w h i l e comparing t h e VSWR measurements o f a connector/test f i x t u r e i n t h e mode-stirred chamber t o i t s VSWR i n an anechoic chamber. I n t h e anechoic chamber t h e VSWR was somewhat lower. Corrections t o t h e SE measurements f o r the second f a c t o r o f t h e measured VSWR would a c t u a l l y add an e r r o r t o t h e r e s u l t s since i t adds t o the f i e l d strength i n t h e chamber. However, i t i s d i f f i c u l t t o determine e x a c t l y how much each f a c t o r c o n t r i b u t e s t o the VSWR o f a connector/ t e s t f i x t u r e o r antenna a t each s t i r r e r p o s i t i o n .
The S parameters o f two antennas i n a mode-stirred chamber f o r each p o s i t i o n o f the s t i r r e r were measured by Michael 0. H a t f i e l d o f NSWC Dahlgren [3] . A l o g peri o d i c antenna was used t o transmit and a conical l o g s p i r a l was used t o receive.
Figures 1 and 2 show the maximum, minimum, and average VSWR f o r the S11 and S22 parameters, r e s p e c t i v e l y . Also shown i n each graph i s the VSWR when S21 i s a minimum, i.e., when there i s maximum pickup by t h e receive antenna.
This occurs when peak measurements are taken by the r e c e i v i n g device ( t y p i c a l l y a spectrum analyzer).
The peak measurements are used t o determine SE.
As seen i n Figures 1 and 2, t h i s VSWR i s generally l e s s than the average VSWR, i n d ic a t i n g t h a t VSWR e f f e c t s on the SE measurements are r e la t i v e l y small.
A p r a c t i c a l study was then performed t o determine t o what extent VSWR a f f e c t s SE measurements.
I n t h i s study, a connector was tested i n two d i f f e r e n t f i x t u r e s w i t h very d i f f e r e n t VSWR c h a r a c t e r i s t i c s . Two d i f f e r e n t t e s t methods were used, one which c o r r e c t s f o r VSWR d i fferences and one which does not. The s h i e l d i n g repeata b i l i t y o f a connector was a l s o investigated. This study compares t h e r e s u l t s obtained using each method and f i x t u r e .
--Test Met hod
The two f i x t u r e s used were both i n accordance w i t h MIL-STD-1344 Method 3008.
F i x t u r e 1 had a maximum measured VSWR o f approximately 3 : l . and F i x t u r e 2 had a maximum VSWR o f approximateiy 5: 1
The two methods used were the Receive Method and the Transmit Method as follows.
The Receive Method i s t h e method required by MIL-STD-1344 Method 3008, where a t r a n s m i t antenna i s used t o produce a f i e l d i n t h e chamber and the power received by the CUT i s compared t o t h e power received by a reference antenna.
The s h i e l d i n g e f f e c t i v e n e s s i s determined by:
Where Pinput REF i s the i n p u t power t o the transmit antenna during reference measurements;
cuT i s the i n p u t power t o the transmit antennaP$king connector measurements; P i s t h e power received by the r e f e rence antenna; a!EFPcul i s the power received by the CUT.
I n t h e Transmi Method, the reference antenna t r a n s m i t s i n t o the chamber and i t s r e f l e c t e d power i s measured.
The power received by a second antenna i s measured. Then the CUT i s used t o transmit, and i t s r ef l e c t e d power i s measured.
The power received by t h e second antenna i s again measured. The SE i s determined using t h e same formula, but PREF and PCUT are the power received by t h e second antenna when the reference antenna and CUT are t r a n s m i t t i n g , r e s p e c t i v e l y . The P i n REF and Pin ut cu i s the power transmitted by t h e r ! # -erence a n t e h a and CUT, respectively, a f t e r being adjust e d by t h e amount o f power which i s r e f l e c t e d . Therefore, t h i s method adjusts f o r the d i f f e r e n c e s i n VSWR between the reference antenna and the connector/test f i x t u r e .
A l l t e s t i n g was performed using the same MIL-STD-38999 s i z e 9 connector torqued t o 8 inch-pounds. A l l t e s t i n g was performed i n the Naval A i r Warfare Center A i r c r a f t D i v i s i o n Indianapolis Mode-Stirred Chamber. The dimensions o f t h i s chamber are ll'X13'X8'. The s t i r r e r i s 5 f e e t i n diameter. The chamber i s construct e d o f z i n c p l a t e d s t e e l c l a d panels which are b o l t e d together.
The s t i r r e r was continuously r o t a t e d (modes t i r r e d r a t h e r than mode-tuned operation) and peak measurements were performed. Results The r e s u l t s are shown i n Figures 3 through 6. F i gure 3 shows the s h i e l d i n g o f t h e connector as measured on F i x t u r e 1 using t h e Transmit Method. The s h i e l d i n g w i t h and without adjustments f o r VSWR are shown. Also shown i s the s h i e l d i n g o f t h e same connector on t h e same f i x t u r e using the same method a f t e r retorquing the connector.
The VSWR corrections are a t most, 2 d8. The effect of r e t o r q u i n g the connector on s h i e l d i n g i s as much as 26 dB.
T y p i c a l l y , retorquing a connector does not cause v a r i a t i o n s i n the s h i e l d i n g t o be t h i s l a r g e , but r e t o r q u i n g does have s i g n i f i c a n t e f f e c t s on t h e s h i e l d i n g . Figure 4 shows t h e s h i e l d i n g o f the connect o r as measured on F i x t u r e 1 using t h e Receive Method. The second l i n e shows the s h i e l d i n g a f t e r retorquing. Again, t h i s effect i s s i g n i f i c a n t l y more than the VSWR adjustments shown i n Figure 3 . Figure 5 shows t h e s h i e l d i n g measured on F i x t u r e 2 using the Receive Method.
The differences i n s h i e l d i n g measurements on F i xt u r e 1 and F i x t u r e 2 using the Receive Method are due t o r e t o r q u i n g o f t h e connector.
I n order t o v e r i f y t h i s , t h e s h i e l d i n g o f an a r t i f a c t which requires no torquing was tested.
I t s r e p e a t a b i l i t y was w i t h i n 3 dB, due t o measurement system e r r o r . Figure 6 shows t h e s h i e l d i n g as measured on F i x t u r e 2 using the Transmit Method w i t h and without VSWR adjustments.
Again, the VSWR correc-tion was at most, 2 dB. For example, at 9.5 GHz, the VSWR was measured to be 5.2:1, which caused a 2 dB adjustment in the shielding. As seen in the preceding graphs, this is small compared to the repeatability of the connector. A different connector was then tested on the same fixture. The VSWR at 3. The reflections contribute to the measured VSWR, but also contribute to the field intensity in the chamber.
If manual measurements are being performed using a continuously rotating stirrer, it is impossible to know the VSWR at the time of maximum transfer between the transmitting device and receiving device. The VSWR at this time is typically less than the average VSWR during one rotation of the stirrer, so SE adjustments would be relatively small.
For connector testing at 1-10 GHz, VSWR adjustments affect the SE values by only 1-2 dB maximum when the VSWR of the connector/test fixture is less than 5:l. This is within measurement system error. This i s a small adjustment compared to the repeatability of a connector, which in some cases, is as much as 30 dB. A VSWR of 8.7:l was found to affect the SE value by 4 dB. This suggests that a maximum VSWR of the connector/test fixture to be allowed in the revised MIL-STD-1344 Method 3008 may be 5:l or more, but less than 9:l. 
